Cryptosporidium is a protozoan parasite that infects humans and various animal species. The environmental stability and the low infectious dose of Cryptosporidium facilitate its transmission by water and food. Discharge of untreated wastewater may result in waterborne or foodborne Cryptosporidium outbreaks, therefore a suitable treatment may prevent its dissemination. Most studies on the prevalence of Cryptosporidium oocysts in wastewater have reported a concentration range between 10 and 200 oocysts/L and a prevalence of 6 to 100%. Activated sludge has been found to be ineffective for the removal of Cryptosporidium oocysts. Stabilization ponds and constructed wetlands are efficient for the reduction of Cryptosporidium from wastewater, especially when the retention time is longer than 20 days at suitable sunlight and temperature. High rate filtration and chlorine disinfection are inefficient for the reduction of Cryptosporidium from effluents, whereas ultrafiltration and UV irradiation were found to be very efficient for the reduction of Cryptosporidium oocysts. Adequate tertiary treatment may result in high quality effluent with low risk of Cryptosporidium for unrestricted irrigation and other non-potable applications.
INTRODUCTION
Cryptosporidium is a protozoan parasite that infects humans and various animal species. The occurrence of outbreaks of cryptosporidiosis have increased awareness concerning the public health significance of Cryptosporidium. The average diameter of Cryptosporidium oocysts is 4-6 μm. The oocyst of Cryptosporidium is protected by an outer wall that allows it to persist in the environment for long periods of time, which facilitates its environmental transmission through contaminated water and food. Human infections are mostly caused either by C. hominis or C. parvum, the cattle genotype. Other species of Cryptosporidium, such as C. meleagridis, C. felis, and C. canis, may occasionally infect humans (Gatei et The main purpose of advanced wastewater treatment is to reduce the levels of pathogens in order to prevent their environmental transmission. The wastewater treatment applied is governed by the planned application of the effluents and the public health risks involved. Wastewater treatment consists of physical, biological, and chemical processes for the removal of suspended solids, organic materials, and pathogenic microorganisms. The nature of pathogenic microorganisms determines their removal/ reduction efficiency by the wastewater treatment process.
Advanced wastewater treatment is applied, in particular, in arid regions, where treated effluents are used for irrigation and other non-potable applications. Efficient wastewater treatment is important to prevent the dissemination of pathogenic protozoan parasites by irrigated crops and water bodies that receive the treated wastewater effluents. The concentration of Cryptosporidium oocysts detected in raw wastewater ranged from 0 (below the detection limit) to 60,000 oocysts/L. The highest values for Cryptosporidium in raw wastewater were reported from Brazil for the concentration of Cryptosporidium in raw wastewater were from 10 to 200 oocysts/L (Table 1) The seasonal distribution of Cryptosporidium in wastewater has been examined in various parts of the world ( (Table 3) . A study on the prevalence In Spain, a concentration range of 2 to 390 oocysts/L of Cryptosporidium oocysts was reported in activated sludge effluent (Table 3) day À1 , respectively) than facultative and maturation ponds.
PREVALENCE OF CRYPTOSPORIDIUM IN WASTEWATER
Sunlight and water physicochemical conditions were the main factors influencing the removal of C. parvum oocysts both in the anaerobic and maturation ponds, whereas other factors like predation or natural mortality were more important in the facultative ponds. The results showed that sedimentation, the most commonly proposed mechanism for oocyst removal, was found to be negligible, ranging from zero in the maturation pond to 5.56% in the facultative pond. Reinoso & Bécares () studied factors affecting the reduction of C. parvum oocysts in a waste stabilization pond. They evaluated the effects of sunlight, pond depth, and type of treatment pond on oocyst viability by an assay based on the exclusion or inclusion of two vital dyes, 4 0 ,6diamidino-2-phenylindole (DAPI) and propidium iodide (PI). Sunlight exposure was the most influential factor for oocyst inactivation. A 40% reduction was observed after 4 days of exposure to sunlight conditions compared with dark conditions. Inactivation rates suggested that the facultative ponds were the most aggressive environment for oocyst inactivation, followed by the maturation ponds and the anaerobic ponds (Reinoso & Bécares ). In the late 1990s, UV irradiation was found efficient for inactivating Cryptosporidium oocysts (Carpenter et al. ) .
After that, numerous studies demonstrated the effectiveness of low doses of UV irradiation to inactivate Cryptosporidium oocysts in various water matrixes. For example, Morita et al.
() showed that a UV dose of 1.0 mWs/cm 2 at 20 W C was needed to produce a 2-log 10 reduction in infectivity (99% inactivation). No recovery in infectivity following treatment was observed after exposure to fluorescent-light irradiation or storage in darkness. The results indicate that the effects of UV irradiation on C. parvum oocysts as determined by 
CONCLUSIONS
This review paper presents results of studies concerning the prevalence of Cryptosporidium in wastewater and its removal by wastewater treatment processes. Cryptosporidium oocysts have been detected in wastewater at an average concentration of 10 to 200 oocysts/L. Activated sludge is inefficient for the removal of Cryptosporidium oocysts from wastewater and similar results were observed for high-rate sand filtration. UV radiation is the most effective disinfection process for the inactivation of Cryptosporidium. WSPs with a retention time longer than 20 days and SSF wetlands resulted in high removal of Cryptosporidium oocysts from wastewater.
Application of efficient wastewater treatment processes may prevent the environmental transmission of Cryptosporidium.
